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Abstract
Transitioning the Energy Sector from fossil fuels to renewable energy is perhaps the biggest
opportunity to sustainably mitigate climate change. This paper presents a multi-tier holistic
framework to score and visually represent the key features of sustainability that could influence
the long-term success of the energy transition in different social, ecological, and economic
contexts. The framework is applied in detail to Morocco and Italy. The complexity of the
concept of sustainability calls for a tool that can help stakeholders locate and address priority
areas. Five dimensions of sustainability have been described: institutional, environmental,
social, economic, and technical. These are divided into variables and scored via indicators. To
ensure the accessibility and credibility of results, all selected indicators were sourced from
public and widely available data. The resulting framework can be adapted to different situations
and scales to support management choices. To the author’s knowledge, previous studies have
either dealt with sustainability in broader terms or analyzed only one specific dimension of it.
This study considers sustainability as a foundation to enable a fair and efficient transition to
renewable energy, analyzing important interactions between sustainability dimensions. Main
reflections found in this study include a) measuring sustainability in all its dimensions is crucial
to set priorities; b) transversal and intersectoral approaches will gain relevance due to the
interconnections between elements of sustainability; c) communication, and awareness are
crucial to increase bottom-up participation to the energy transition both for climate change
mitigation and adaptation.
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1. Introduction
1.1. The idea of sustainability and the importance of energy production
The world is undergoing an era of change. The increase in greenhouse gasses (GHG)
that has occurred starting with the industrial revolution in the 1800s is unprecedented,
reaching 125 ppm1 (+145 %) above pre-industrial levels (NOAA, 2020; EEA, 2021). On July
12, 2021, the Mauna Loa Observatory in Hawaii registered 416.72 ppm of CO22, a number
that keeps increasing, with the last decade presenting the highest averages in the past 800,000
years (NOAA NCEI, n.d.). Scientists have modelled the effects of the concentration of GHG
on the atmosphere, finding that it will hold in increasing amounts of energy, causing changes
to the climate that will affect ecosystems (loss of biodiversity, ocean acidification…),
societies (food insecurity, extreme weather events…), and economies (loss of ecosystem
services, financial insecurity…) (Benestad, 2017; Ledley et al, 1999; UNFCCC, 2015).
By 2100, the atmospheric CO2 concentration will be between 540 and 970 ppm
depending on the SRES (Special Report on Emissions Scenarios) (Nakicenovic et al., 2000).
This effect, mainstreamed as climate change, is gaining increasing attention and gave rise to a
series of international agreements aimed at regulating GHG and protecting the environment at
national, international, or regional scale. Some examples include the Rio Convention (1992),
the creation of the Intergovernmental Panel on Climate Change (IPCC) (1988), the Kyoto
Protocol (1997), the Paris Agreement (2015), the EU Green Deal (2019). However, setting
priorities and locating the most efficient paths to transition sustainably towards cleaner
development is difficult due to the scarceness of resources, and to the complexity of the
concept of sustainability itself3.

1

Parts per million.
First measurements at Mauna Loa in 1958 registered around 315 ppm.
3
Sustainability can be understood from a variety of perspectives and stressing one or another aspect, for
example the economic over the social, or environmental, can result in negative consequences. Understandings of
2
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A broader discussion needs to be formed to connect efforts in the most efficient ways,
exploiting synergies and strengths, trying to breach gaps, and creating partnerships for
sustainable development, as stated in goal 17 of the Sustainable Development Goals (UN
DESA, 2016). Multi-stakeholder partnerships to mobilize and share knowledge, resources,
expertise, technology will be the key to reach a fair and sustainable future. Assessing the
strengths and weaknesses of every system is thus essential to create partnerships that spur out
of transparency and complementarity and can be economically, environmentally, and socially
sustainable (Purvis et al., 2019).
This work will build an instrument to assess the current state of things, analyzing the
different dimensions that negatively or positively influence the transition to a sustainable and
clean energy production sector in compliance with the global aim of reducing GHG. The
framework will be here applied to national-level analysis and focus on the energy transition.
The Energy Sector is chosen as focus seen its impact on GHG emissions, its importance, and
its projected increase in importance (Mason, 2017; Myhrvold & Caldeira, 2012).
The Energy Sector as per 2018 is contributing to 75-90% of GHG emissions in the
world (Climate Watch, n.d.). Even more, countries with ambitious and advanced policies
with regards to the reduction in GHG are planning to transform the transportation sector,
today 16.2% of contribution to GHG globally, to being predominantly electricity-fueled
(Climate Watch, n.d.). The imminent transformation and the increase in electricity demand
worldwide call for a quick transition to cleaner ways of energy production, especially with a
growing population4 together with a growing share of people able to access electricity (IEA,
2017), and its consumption (IEA, 2020).

sustainability are also divided into strong (Giddins et al., 2002) and weak sustainability (WECD, 1987),
depending on how the three pillars (economic, social, and environmental) interact (see related chapters below).
4
World population will reach 10 billion in the year 2057 according to a UN prospect in 2019
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This transition needs to be quicker compared to past transitions, and is, unlike the
ones in the past, policy-driven and highly planned (Chapman & Itaoka, 2018). Due to the
inertia of energy systems’ change and the urgent need to reverse GHG emissions to avoid
tremendous consequences, the transition will need to happen fast. Even in the best-case
scenario elaborated by IPCC, the RCP 1.9 (Representative Concentration Pathway), global
warming would be around 1 or 1.5°C in 2100, compared to pre-industrial levels (Pachauri et
al., 2014). In the worst scenario, RCP 8.5, where emissions continue to increase following
current trends, temperatures would rise by about 5°C compared to preindustrial levels
(Pachauri et al., 2014). The urgency and need of planning make it an unprecedented type of
transition, that will need the concerted effort of all global players to take place in addition to
the individual efforts at the local and national level.
As the Stern Review points out, it would be too costly to tackle the effects of climate
change if the word procrastinates (Stern, 2007). Both in the case of low (RCP 4.5) and high
(RCP 8.5) emissions, the EU would have to face the consequences of coastal flooding. But
where RCP 4.5 might bring about an increase of 50 cm, RCP 8.5 could make the rise go
beyond 1m (Nakicenovic & Swart, 2000). Even worse in case there will not be enough
preemptive investments (€2.82 billion per year until 2100) to mitigate and adapt to flooding,
the EU risks losing €1.27 trillion (Valentino, 2021).
Policy Center for the New South (PCNS), a Moroccan think tank that worked jointly
with Enel and AFRY to study decarbonization pathways for Morocco, found that even
considering all costs, the transition will benefit the economy. Looking at the difference
between the three scenarios proposed, Business As Usual (BAU), the Accelerated Ambition
(AA) and Green Development (GD), more ambition brings increasing benefits. The AA
reduces emissions by 56% with a net benefit of 97 billion USD, and the GD by 74% with a
net benefit of 165 billion USD in 2050 compared to BAU (PCNS, 2021a).
4

Moreover, while oil consumption in the energy mix changes in 2050 from 79% under
BAU, to 39% and 19% under AA and GD, electricity consumption goes from 13% under
BAU, to 40%, to 58% under AA and GD, causing a considerable increase in electricity
demand (PCNS, 2021b). This indicates an urgency to improve efficiency and organize to
source and distribute electricity sustainably and follow the most ambitious path. Different
global energy policy scenarios were also described by the World Energy Council in 2007,
showing that “slight cuts” in emissions and lack of integration of energy markets would fail
to promote private investment, stagnate the low carbon energy market. Higher emissions and
missing incentives for growth would increase prices, decrease energy security, amplify
climate change impacts, and create an uncertain environment (World Energy Council, 2007).
The consequence of a lack of organization in the energy transition could be low levels
of adoption of incentives for RE use in the public5, or budget inefficiencies. For example,
subsidies for oil and gas can quickly use up national budgets and slow down efforts of
decarbonization6. Further, improvements in energy efficiency are often achievable at lower
costs than other investments and should be prioritized.
To ensure the absorption of RE by society it is crucial to avoid using only top-down
approaches that do not result in complete absorption and integration in the social strata.
Integrated, interlevel approaches are preferable. Communication and education can also
contribute to the awareness and willingness of people to accept RE. This framework could
help address both prioritization of critical areas for experts to investigate the most urgent

5

One example could be the lack of public adoption of the 110% Eco bonus in Italy, that is suffering from the
high burden of bureaucracy. The Bonus functions as to reimburse more than the cost of projects for energy
efficiency and RE spread during about a decade. People often prefer avoiding starting the procedures and do not
start new projects due to those complications.
6
The Kingdom of Morocco gradually phased out fossil fuel subsidies over a period of three years, as they were
draining the national Budget. In 2012, 5% of GDP was spent on such subsidies. The phasing out permitted
moving from a spending of 56.6 billion dirhams (€5 billion) in 2012 to 32.7 billion dirhams (€2.9 billion) in
2014, and saved a further 12.25 billion dirhams (€1.1 billion) in 2015 (Bousselmame, 2017).
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solutions and the creation of a representation that is easy to understand. This could be useful
to communicate the reasoning behind policy changes to the people that are going to be
affected by those changes.
Good management of the transition requires policies showing a deep understanding of
political, social, economic, technical, and environmental dimensions (IEA, 2020). The
framework built here aims at better coordinating stakeholders, giving policymakers, private
investors, and other actors a simple, common language and a common structure to refer to
when they need to set priorities, invest, justify choices, or implement new mechanisms. The
framework is adaptable to different levels and can be scaled up or down to look at the local,
national, or regional level.
Through indexes, it will be possible to evaluate the readiness to the transition to
cleaner energy from the main venues of sustainability. The following is especially valid in its
comprehensive yet synthetic nature, encompassing from the institutional to the social,
economic, technical, and environmental dimensions. All the elements presented below are
reinforcing or undermining the possibility of achieving a sustainable energy transition in the
near or long-term. A wider view is adopted, looking at where sectors overlap and can
mutually benefit from the other’s growth, and assessing sometimes conflicting objectives (De
Alencar et al., 2020). The framework is useful to set efficient priorities looking at the bigger
picture, not at the single and most easy to reach gains.
1.2. Objective and structure
The following framework is to act as a tool to strategically determine policy and
investment priorities to ensure the energy transition is carried out in the most sustainable
way, considering intersectoral (public, financial, utilities, extraction…) and inter-level (local,
regional, international…) cooperation. An effective, simple visual representation will help to
bridge between the researchers and policymakers, between technicians and the public. An
6

immediate albeit comprehensive summary will make it easier to communicate to a wider
audience increasing public awareness and willingness to accept and adapt to policies.
More specifically the framework will highlight:
•

Critical points, where improvement is the most needed, such as
microfinancing access, governance, economic diversification, import
dependency…

•

Areas with the most potential for the transition, such as resource availability,
climate change adaptation and awareness, energy access…

•

Synergies between areas, when comparing results.

•

Research gaps, where significant variables like RE potential and land
eligibility have not been studied yet.

The work is organized as follows: after a literature review and background regarding
energy transition and sustainability interactions and frameworks, the methodology is
presented, then the structure of the framework, its dimensions, the application of the
framework to the two case studies, Italy and Morocco, chosen for their energy import
dependence, their geographical location, and the possible parallels between the two, that will
be discussed. One of the critical dimensions will then be further analyzed to provide specific
recommendations, followed by other examples of application (Brazil, China, United States,
and Kenya) and the conclusion.
No ethical issues were identified in the study, as no human subjects were involved.
1.3. Literature review
Many theories, bodies, and agreements have been created to address the global
concern about climate change and the need for sustainable development. With a quick
internet search, it is possible to find more than 10 commonly referenced international
agreements that deal with the matter. The Intergovernmental Panel on Climate Change
7

(IPCC) was created in 1988 by the United Nations environment program (UNEP) and the
world meteorological organization (WMO) with the precise aim of studying climate change
and support policymakers while transitioning to sustainable development. One of the first
steps has been the Johannesburg Declaration on Sustainable Development (2002), reinforcing
the need to carry out sustainable development through a collective responsibility and
recognizing the interdependence of economic development, social development, and
environmental protection at global, national, and local level (Rockström, 2010).
Abernethy (2001) developed this need with the concept of a “carrying capacity”
beyond which the Earth could not support humanity. While sustainable development is
recognized in more and more treaties around the world (Fuentes, 2002), Fuentes also points
out the democratic deficit of environmental law, which is primarily led by the executive
branches of states with unequal representation in international organization such as the IMF
and the World Bank (WB) between advanced and low-middle income economies that are
sometimes even excluded from the negotiating table7. Adjusting to neoliberal structures to
promote sustainable development (Clean Development Mechanism, CDM) is not always the
answer, especially in countries with weaker institutional capacity and awareness (Condon,
2016)8. The lack of representation and transparency at global level in cases such as the ones
mentioned above, two elements that are crucial to effective exchanges and cooperation, also
contribute to those failures. Having a tool to communicate in a transparent and immediate
way could enable those exchanges and make them smoother.

7

For example, the draft Multilateral Agreement on Investment negotiated under the auspices of OECD was a
global agreement that did not include non-OECD countries in negotiations. Fuentes (2002) also points out that
democratic and social development are often put aside in favor of environmental concerns to those such as fair
representations and rights.
8
CDM is often used to cut emissions where easier and without promoting development and a long-term view.
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Historically, several treaties have followed one another, starting from Stockholm in
1972, a non-binding albeit influential declaration, to Kyoto in 1997, the only internationally
binding agreement on GHG reductions that however has a very few parties, covering around
18% of global emissions, to the Paris Agreement, a specific, goal-oriented agreement that is
still non-binding (UNFCCC, 2016; UN GA 1972). The Green Climate Fund, REDD++
initiatives, and the UNFCCC have been created. Through all these efforts, sustainability has
become much more than just environmental, and includes notions of politics, equity, and
justice (Purvis et al., 2019). However, while quantitative studies show better quality of life
with larger RE shares, benefits are often unequally distributed, especially in the case of largescale projects (Olsen et al., 2018). This capstone is placed in this context of complex relations
that need to be visualized and simplified without losing comprehensiveness. All aspects of
development should be kept under control at the same rate to obtain sustainable development
and facilitate the arise of bigger long-term benefits.
To the knowledge of the author, there is no single framework to assess the status of a
system across all dimensions of sustainability with a specific focus on the energy transition.
There are however many studies dealing with one or a few of the aspects individually
(Mason, 2017; Shrimali & Kniefel, 2011; Saavedra, 2018; Cappellan-Perez, 2017; CastañoRosa & Okushima, 2021; Steg et al., 2015; Poggi et al., 2018; Nonhebel, 2005; Mishra et al.,
2020; McLellan et al., 2016), addressing risks and contexts having implications on the
success or failure of the shift to cleaner energy, as well as studies that adopt a more historical
approach (Solomon & Krishna 2011; Lutz et al., 2021; Chapman & Itaoka, 2018; Geels &
Schot, 2007; Geels, 2002). In the past, many other studies have analyzed the different factors
that influence the Energy Sector from the political, social, technical point of view, etc. Much
like Obura (2019) with his model focused on one sector to look through and connected all
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SDGs together showing how sectors are interconnected, this framework will start from the
Energy Sector.
Climate change is also very often treated as a consequence of how energy is produced
(Mason, 2017; IEA, 2020), but only recently appeared as a factor that could and should be a
determining factor for policy choices (MedECC, 2020; Zhang et al., 2020; Dumas & Cunliff,
2020). Policy is, as established by many authors (IEA 2020; Shrimali & Kniefel 2011;
Solomon & Krishna 2011; Lutz et al., 2021; Chapman & Itaoka, 2018; Mishra et al., 2020;
McLellan et al., 2016), one of the drivers of change and possibly the most important one to
ensure sustainability. In fact, the costs of RES have significantly decreased in the last decade,
reaching a point where they are cheaper than the most economic fossil fuel alternative: recent
auction Power Purchase Agreements (PPAs) show that solar PV could arrive at USD
0.039/kW for 2021, more than one fifth cheaper than the cheapest fossil fuel, coal fired plants
(IRENA, 2020a). When competitiveness is not a constraint for RES, important to recognize
the vulnerabilities of any system to address them with policies that can stimulate investment,
an enabling institutional framework, and development in the right way.
Other frameworks assessing vulnerabilities and complementarities in the Energy
Sector already exist in the literature (Markard & Hoffmann, 2016; Carley et al., 2018; Mayer,
2019; Acosta et al., 2018; Vermeulen et al., 2019). Markard & Hoffmann (2016) analyze
complementarities in the energy transition, focusing on how technologies could benefit from
a higher degree of mobilization of all actors and cooperation despite possible conflicts. Some
of the elements identified by the authors as bottlenecks are unilateral dependence on a
specific resource, lack of skilled personnel or natural resources, lack of trust, freed riding, and
mutual waiting. However, their analysis lacks the more socio-economic and policy aspects of
the transition, looking only at the technological changes. Technical sustainability is, in fact,
largely researched in the literature, as in Ilskog and Kjellström (2008) and Feron (2016).
10

Acosta et al., (2018), studying integrated community energy systems, further stress
the importance of the coexistence of strong governance and dialogue accompanying
technology transitions. Their study particularly points out the importance of a strong social
network to share information and communicate to create a flexible and integrated local
system. The social aspect is treated in even more depth by Carley and colleagues (2018), that
look at the potential increase in inequalities as an effect of the transition and at the relevance
of the concept of energy justice. The framework points out how policies can have unintended
consequences and the need to study those more.
Mayer (2019) describes one of the elements that changes perceptions and success rate
of the energy transition, discussing partisan identification in the US. This study highlights the
different ways people are influenced when it comes to policy preferences through their social
identity. Finally, other approaches to framework-creation include that of Vermeulen et al.
(2019), that adopt a different perspective and assess the financial stability of the energy
transition. In most frameworks, there is a lack of connection between the assessment of one
aspect and the connection between the others. As Vermeulen and colleagues (2019) observe,
it is very hard to achieve the required level of detail while connecting all climate related
variables to finance sector vulnerabilities.
This project was especially inspired by the circles of sustainability approach described
by De Alencar et al. (2020). Their representation of the different dimensions of sustainability
applied to coastal areas is a very effective management tool and manages to be more
inclusive. De Alencar et al. present a framework that add to the triple bottom line of
sustainability a fourth dimension of categorization, the political sphere. In their work, the
framework aims at building a more holistic management of coastal areas while also
addressing data limitations. The chosen approach integrates the biophysical, social, economic
and governance issues whilst avoiding pitfalls due to lack of data on individual elements. It is
11

crucial to maintain and define easy to find, robust, comprehensive, and replicable indexes.
However, in their framework like in the one proposed here, they can and should be adapted to
each specific case. Thus, the dimensions and categories are fixed, but the indicators can be
selected based upon local characteristics and the availability of data, maintaining a more
flexible approach.
Another holistic approach can be seen in Ilskog and Kjellström (2008), that developed
a method to evaluate projects’ sustainability from the social, economic, technical,
environmental, and institutional perspective. The projects focused on the sustainability of
decentralized electricity generation, applied to a case in rural India. Their framework focuses
on a local perspective and is aimed at measuring the sustainability of future projects in rural
areas.
The Regulatory Index for Sustainable Energy (RISE) prepared by the World Bank
group every two years, recognizes three pillars of sustainable energy: access, efficiency, and
renewable energy. The analysis comprises stakeholders’ interviews building a scorecard for
policymakers. However, it fails to include climate change, and generally uses the existence of
regulations and laws as indicators, rather than quantifying the application, effectiveness, and
extent of those norms. This is demonstrated by the interview methodology, that is mainly
composed of binary yes/no questions.
In a globally interconnected world, where globalization and glocalization are
increasing, cooperation between actors and sector at all levels is crucial to include in the
analysis. Even more, since a transition is always evolving, there is an added level of dynamic
that is not always considered, even though in many cases frameworks are kept highly
adaptable. The framework created here for the energy transition, while having similar
methodology and holistic aim, is especially set to facilitate cooperation in management both
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between different sectors and actors at the same or different levels. The literature tends to
focus on the impacts of the transition on social, economic, or environmental components.
This work aims at looking at the factors that make the transition successful in the long-term
and identifying the vulnerabilities of the energy transition itself.
1.4. Energy production and the transition
This work focuses on energy production and the transition from fossil fuels to
renewable energy sources to mitigate climate change. Pledges to the energy transition and
policies implementing it are of course diverse across countries, taking shape in the form of
Nationally Determined Contributions (NDCs) or other policy instruments. The study of
successful or failed transitions by Chapman and Itaoka, (2018), for example, highlighted the
effectiveness of Feed In Tariffs (FIT) and Renewable Energy certificates as policy
instruments that could contribute to the success of the energy transition, but they also stress
the importance of cultural norms, that can greatly influence the way policy instruments and
ambitious goals are perceived.
Energy transitions that do not present the prerequisites of sustainability – that is, that
are not sustainable from the environmental, social, and economic perspective – might
increase inequalities instead of determining benefits for both climate and society. There is, as
discussed above, the need of effective policies to cut emissions and tackle climate change.
Transitioning to renewable energy could improve the quality of life of many people through
lower energy prices, better energy access, and cleaner air while at the same time making
economic development possible. However, issues can and have arisen in the past, and are
predicted to arise in the future. For this reason, effective policy priorities are crucial to an
effective green transition.
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One of the examples is the importance of environmental justice. The existence of
point-source fossil fuel resources paired with lack of democracy in institutions has been
demonstrated to fuel corruption and hinder development (Bhattacharyya & Hodler, 2010). On
the other hand, renewable energy is harder to control and is more adaptable to decentralized
implementation (Burke & Stephens, 2018). Even then, other elements that are needed for the
use of renewable energy systems have a strong tendency to encourage rent-grabbing. Some
include, for example, rare minerals that are needed to implement the plans of building big
solar plants and large amounts of batteries to store clean energy while maintaining the grid
stable (IEA, 2021).
Other examples include the possibility of future land-grabbing. Since renewable
energies are less dense compared to fossil fuels, larger areas and bigger plants are needed to
produce the same amount of energy. This is relevant both in the case of deforestation for
bioenergy and land grabbing in areas deemed unprofitable such as deserts that are being
expropriated from local populations9. Land will also be a crucial ingredient to the transition
as climate change and a growing population will make food resources both harder to obtain
and more demanded10. Even if sparser than oil, renewable energy potential is higher in some
countries than others, and countries such as China have already assured themselves with a
large share of those minerals that will be important for RE construction. This shows us the
relevance of energy agreements and trade of materials and electricity on a global basis.
Regional agreements such as the Green Deal made by the EU have the power to impact far

9

Hamza Hamouchene (2016) describes land grabbing and green capitalism happening to build the Ouarzazate
Solar Plant in Morocco. Ferrante & Fearnside (2020) draw the situation in Brazil, where biofuels will be
produced after the deforestation and replacement of the Amazon Forest with sugar cane plantations.
10
In addition to this, land permitting is sometimes hard to obtain, further delaying RE projects.
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beyond their direct reach. The geopolitical aspects of the transition are crucial and could
greatly affect the success of the transition11.
Another effect that will impact the transition in the long-term, and further determine
the possibility of producing enough renewable energy to cover global demand, is the impact
climate change will have on regions. Sea-level rise, extreme events, changes in precipitation
and evaporation patterns will all impact the physical environment and, consequently, the
renewable energy potential of regions. For this reason, policies should also include adaptation
measures to their mitigation intentions. These examples are to illustrate how a policy, project,
or program might be promoted based on only one of the sustainability dimensions but may
fail in other dimensions.

2. Methods
2.1. Gathering of data
The framework was structured after a thorough review of up-to-date literature on
renewable energy and sustainability, on factors of interaction with the energy transition, as
well as relevant sustainability frameworks and methodologies. The recurring themes and
modalities were selected from studies on indicators by consultants and researchers, integrated
with indicators based on the findings of studies on sustainability in the Energy Sector, and
grouped to communicate results more easily.
The framework is composed by dimensions, variables, and indicators. Dimensions are
the macro-categories that form the concept of sustainability: the institutional dimension, the
social dimension, the environmental dimension, the economic dimension, and the technical

11

On top of the risk of dependency on a single supplier, the extraction of minerals such as lithium for batteries
on a large-scale cause other environmental injustice. Minerals are concentrated in countries such as China,
Chile, Argentina, Bolivia, often without respecting rights, grabbing land, and polluting water (Lèbre et al.,
2020).
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dimension. In each of these dimensions, sustainability acquires a slightly different meaning,
but is equally important for the transitions to happen more effectively. Variables, on the other
hand, are here those elements that characterize the sustainability of each of the dimensions (in
this case specifically regarding the Energy Sector) and can be measured via indicators.
Examples of variables are inclusivity, availability of resources, strength of institutions.
Dimensions are hence divided into thematic and measurable variables, assessed using
indicators.
The five enabling dimensions that have been identified build upon the structure
proposed by Ilskog and Kjellström (2008). They describe sustainability having social,
economic, technical, institutional, and environmental dimensions, an approach later applied
also by Katre (2018). This type of classification has in fact been widely recognized and
adopted by the development literature.
2.2. Indicators
Indicators are individually measured using indexes from reliable sources and collected
inside a variable. To obtain such score, each indicator that measures a certain variable has
been scored from 1 to 5, 1 being the lowest, least sustainable score, and 5 being the highest,
most sustainable score. Since the numbers have been normalized, each score is representing a
20% share in the scale from 0 to 1. The numbers for each indicator have been calculated
either by using well-known and accepted international indexes (such as the World
Governance Index by the WB and the Climate Change Policy Index), by extrapolating raw
data, or by building a series of benchmarks to transform qualitative observations into
numerical scores where numerical values were not readily available or adaptable (the case of
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additional indicators12). In the latter case, benchmarks are already applied to a 1 to 5 scale
based on meta-data from previous studies. Where indexes from reliable sources existed and
well-represented the variable chosen, those have been used as indicators and adapted to the 15 scoring as to present comparable results across all dimensions.
To make indexes and values with different ranges and scales comparable, the
indicators are normalized. The normalization of indicators will be done using Min-Max
scaling, converting any index or value into a 0-1 scale (Patro & Sahu, 2015).
𝑋′ =

𝑋 − 𝑋𝑚𝑖𝑛
𝑋𝑚𝑎𝑥 − 𝑋𝑚𝑖𝑛

All indicators are measured independently. The policy objective should be to improve
any indicator to reach the sustainability score of 5. In the case of indicators positively
correlated with sustainability, the aim will be to improve the score trough an increase in the
score of the index itself, the opposite will be the case when the indicator is one of those that
have a negative influence on sustainability.
If the indicator is a number with no intrinsic upper limit, the highest score in the same
income group (following WB categorization) will be used as an upper limit. The same thing
will be done where values are not characterized by a set minimum, confronting the lower
bound of same income group countries (for example, in the case of R&D investments and
energy intensity). While this will inevitably mean that some values will be relative to global
progress and high scores do not necessarily mean no need of improvement, this avoids using
completely arbitrary bounds and helps maintain the indicators within reasonable reach.

12

Additional indicators are, as opposing to core indicators, those indicators that are harder to score, as there is
no reliable index currently available. See below.
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Instead of limiting the possibility of application of the framework due to constraints in
gathering data, indicators are kept flexible. On top of data availability, additional indicators
may also be modified, integrated, and prioritized to a certain extent using relevant criteria
such as those pointed out by UN CSD (2001):
•

Availability and accessibility of data;

•

Usefulness;

•

Policy relevance.

The selected indicators are chosen after analyzing criteria such as relevance,
accessibility, and usefulness. It is however understood that while leaving room for adaptation
of the framework, to maintain a certain degree of homogeneity when comparing different
results using this same framework and to avoid dramatically influencing results, not all
indicators should be modified. There are, for this reason, a list of indicators that are
particularly relevant, globally recognized, and globally available (at least at nation-level).
These indicators are here defined as “core indicators”. Other, additional, indicators may be
replaced depending on the aforementioned reasons.
2.3. Limits of the approach
The comprehensive nature of the study comes at the expense of not being particularly
specific and operational. Other frameworks that are usually built and fit for specific cases,
such as local projects, present fewer generic indexes and can be more exhaustive in the
choice of indicators or variables to study, but they lose in adaptability. This approach has
been chosen to obtain an adaptable, synthetic, and easy to apply method.
Assessing such a wide range of aspects also avoids dealing with any of those more
closely and could be criticized as too generic to organize policy actions and address them.
However, this is presented as a preliminary study to identify the macro-areas that need
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improvement and to be prioritized. Once pointed out, further research and focus is needed
inside those areas to narrow down the specific issues and what is the best strategy to address
them.
Some of the dimensions bleed into each other and variables may be applicable to
more than one dimension. However, the scheme is created for practical reasons and the way it
is organized is for better communication rather than for actual need of separation. Even more,
sustainability is such an intertwined subject that there is the risk of indicators measuring the
same thing twice, as they are often measured with indexes that come from independent
sources and are not built with the purpose of interacting with each other. A great attention has
been paid to avoid redundance as much as possible.
Regarding data, it is important to note that the quality of data greatly determines the
validity of the framework, and the choice of widely recognized indexes has been made to
ensure their credibility. A further development of the framework could include stakeholders’
opinions and priorities to be considered on a case-by-case basis to improve inclusiveness for
additional indicators. The articles selected in this study were sourced from online sources
only by a single researcher so potential omissions of important works remain, but the work
was supervised by two independent senior researchers.
Weighting the indicators differently within each variable will bring different results.
This could be achieved studying correlations between various indicators and energy
transitions’ sustainability but would be very complex due to the need of quantifying the
concept. Finally, in some cases, the maximum scoring of indicators (therefore of variables)
cannot be reached due to present-day technical, political, environmental barriers.
Policymakers should, however, strive for improvement trying to overcome those barriers.
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3. The framework
3.1. Dimensions and variables
Variables have been chosen to represent sustainability in a holistic way. The
complexity of international agendas calls for a multidisciplinary approach, and sustainability
for the energy transition is here understood as building upon the classic three pillars13 (here
called domains) to which the fourth and fifth domain, institutional and technical, have been
added. Thus, compared to the Circles of Coastal Sustainability approach by De Alencar et al.
(2020), the framework is adding the technical dimension.
The table below illustrates the core indicators that have been identified, divided into
sub-categories of variables and indicators. Core indicators are different from additional
indicators (Table 2) because of their importance and their accessibility. Core indicators are
measured with indexes or data that are widely recognized and are made available with close
to universal coverage and a clear methodology.
Table 1 Framework dimensions, variables, and core indicators. Dimensions are studied
through their division into variables, which can then be measured with indicators. Sources
for indicators are indicated in parenthesis. Suggested indicators are here defined as “core”
because data can be easily found with close to global coverage from reliable and widely
recognized sources. The below framework is intended to be applied at the national level.
Dimensions

Variables
Quality of policy and
international alignment

Institutional

Implementation of policy

Indicators (sources)
Ambitiousness and relevance with regards
to Paris Agreement and SDGs (CCPI)
Benchmarks met of national policy
Benchmarks met of international
agreements
Governance Index (WB)
Ease of Doing business (WB)
RES share in electricity supply (IEA)

Strength of institutions

Environmental

Electricity production
Water and land
availability
Climate change impact

Annual freshwater withdrawals (% of
internal resources) (FAO AQUASTAT)
Vulnerability to climate change (ND-GAIN)

13

Economy, society, the environment, have notoriously been described as the three pillars of sustainability in
previous literature (Saavedra, 2018; Purvis et al., 2019).
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Dimensions

Variables

Indicators (sources)
Individuals using the internet (WB)
Mobile cellular subscriptions (WB)
Civil society participation (IDEA)
Lower Secondary School Completion Rate
(WB)
Gini Index (WB)
Unemployment (WDI)
Poverty headcount ratio at national poverty
lines (WB)
Access to electricity (WB)

Information sharing
Social
Inclusivity

Concentration index (UNCTAD)
Total natural resources rents (WB)
Net energy import dependency (WB)
Renewable energy capacity investment14 as
compared with fossil fuel subsidies15
(IRENA, WB)

Trade

Economic

Availability of funds for
transition

Public private partnerships investment in
energy (WB) compared to same income
group
Energy intensity (per sector) compared to
same income group (IEA)16
Firms experiencing electrical outages (WB)
Energy efficiency scorecard (RISE -WB)
Rural electricity access rate/Urban
electricity access rate (WB)
Logistics Performance Index (WB)
Expenditure in R&D of GDP (UNESCO
USI)

Energy use

Infrastructure
Technical
Financial resources

In addition to the core indicators, another set of indicators is suggested for their relevance
regarding sustainability. Additional indicators might be more difficult to measure due to data

14

The tracking of information on renewable energy finance flows is often not transparent enough to ensure
considering all flows. For this reason, where that information is not up to date or complete, the value of
investment set forth in unconditional NDCs will be used to approximate investment in energy.
15
Renewable energy capacity investment is compared with fossil fuel investments (both calculated as a % of
GDP) to understand the relative importance of the energy source in the economy. Scores 1= fossil fuel subsidies
are more than 100% times bigger than RE capacity investment; 2= fossil fuel subsidies are 50%-100% higher
than RE; 3= the values are circa the same; 4= RE are 50%-100% higher than fossil fuel subsidies; 5= RE
capacity investment are more than 100% higher than fossil fuel subsidies (as a percentage of GDP).
16
Energy intensity will also be compared to that of the countries in the same income group. The same process of
normalization will be carried out, where we look at the position of the country inside the distribution of the same
income group (based on WB World Development Indicators groupings).
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accessibility or applicability to the case study chosen. For these indicators, only some areas of
the world might have the necessary information available to the public. Other indicators may
be added according to the case study.
Table 2 Additional indicators and proposed scoring methods. Indicators are measured on
a scale from 1 to 5, 5 being the most sustainable. Indicators are grouped in variables, as in the
core indicators, that belong to one of the five dimensions. However, as for the additional
indicators, variables only appear for the institutional, environmental, and social dimensions.
Additional
indicator

Existence of a
national strategy on
energy transition

Incentives and
taxation

Solar, wind, hydro,
energy potential

Land eligibility

Proposed scoring method
Institutional
1-2 – There is no national strategy on energy
transition, or the existing one is vague and has
no specific benchmarks.
3-4 – the national strategy has benchmarks
and/or ret timelines for their achievements.
5 – the national strategy on the energy
transition has benchmarks and timelines and a
clear strategy is put forth to achieve the
objectives.
1-2 – there are no specific incentives to
increase RES or taxations on fossil fuel use.
Non-renewable fuels might be incentivized.
3-4 – there are taxes/incentives in place to stir
demand towards the use of RES, but they are
not optimized
5 – a clear and effective system of taxation
and incentives encourage the use of RES
Environmental
Sum of the potential of major RE
technologies, from studies (% of energy
consumption).
Subtraction from total land area of woodlands,
protected areas, and agricultural areas from
total surface (% of total surface area)17.
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Variable
measured

Quality of policy
and international
alignment

Renewable
electricity
production

Water and land
availability

This is an approximation that will lead to higher results, as the surface that is not occupied by woodlands, by
agriculture, or protected is not all suitable for RE generation. However, as Cappellan-Perez (2017) and Ryberg
and colleagues (2018) observe, land for RE generation will get into conflict especially with land for food
production and biodiversity. Moreover, it can happen, as will happen in the case study, that protected areas
overlap with woodlands, cause double counting of the same area and negative results.
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Additional
indicator

Existence of training
and capacity
building programs

Acceptance

Proposed scoring method
Social
1-2 there are no or few trainings and capacity
building programs available, and those
existing are not easily accessible.
3-4 training programs are available to the
public but part of them is expensive or not
completely accessible to people.
5 – training programs are widely available and
accessible to everyone, free and promoted.
1-2 – people seem to be reluctant to the
transition and express strong preferences
towards the use of fossil fuels.
3-4 – people seem to be neutral to the use of
fossil fuels or RES and would be ready to
transition, prioritizing energy security and
savings.
5 – people express preferences towards the
use of RES.

1-2 – most people are not informed or badly
informed about why the energy transition is
relevant, RES projects, and what are the
current issues relating to climate change.
3-4 – people are somewhat informed about
Awareness
climate change, RES projects, and the energy
transition to a certain extent.
5 – the issue of climate change and the energy
transition is widely discussed, and most
people are aware of local and national RES
projects.
1-2 – there are no or limited microfinance
possibilities for electricity services.
3-4 – there are a few microfinance
Microfinance
possibilities, but they are not widely
availability
accessible.
5 – microfinance possibilities are widely
accessible, convenient, and used.
1-2 – people are not involved in decisionmaking and in the development of RES
projects.
3-4 – only some people can take part in
Ownership of energy decision-making and the possibilities for
transition
involvement in the development of the
projects are limited.
5 – people are included in every aspect of the
transition, from decision-making to
employment.
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Variable
measured

Public perceptions
on RE

Inclusivity

It is important to point out that the framework is here presented as it would be applied
at the national level, and adjustments would need to be done to change its scale18.
3.1.1. Institutional dimension
The quality of environmental legislation and the extent to which institutions express
their will to transition is one of the crucial aspects of phasing out fossil fuels and RE
penetration (Shrimali & Kniefel, 2011). Ambitious policies and adherence to international
agreements are one of the biggest determinants of the pace of the process, through political
discourse and actions. Institutions are also the regulators that determine who can access the
market and stir it in one or the other direction through taxes, incentives, or other mechanisms.
Governmental institutions will especially have a role in tackling issues such as long-term
planning, education, and in general the improvement of the business environment. Nongovernmental and private institutions will be crucial to respond of those changes and quickly
adapt, making resources and investment more available.
The quality of institutions and their ambitiousness apply to the energy transition at
multiple levels. The framework aims at strengthening policy efforts and priorities. Without
the proper institutional setting, enforcement efficiency, and accountability, policies might not
be as effective as intended. Institutions that show signs of corruption or rent-seeking
behaviors tend to be reluctant or react badly to changes. Renewable energies, due to their
decentralized nature among other factors, seem to be better suited and encourage democratic
types of governments (Burke & Stephens, 2018; Bhattacharyya & Hidler, 2010).

18

Both referring to core and additional indicators, many important sources exist to find the needed information.
One useful resource, especially when dealing with developing countries, might be the renewables readiness
assessments prepared by IRENA, that gives an overview of the environment, laws, and regulations, enabling
factors, and current state of some selected countries regarding the renewable Energy Sector.
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Although, the transition also has the potential to increase energy costs, stress the labor
market, and disrupt the social fabric of communities that rely on traditional energy sources
(Carley et al., 2018). For example, communities that are employed in the fossil fuel sector
will eventually have to change their jobs and adapt to new environments19. Thus, emerging
literature on energy justice considers the social aspect of a fair transition and ensures
inclusivity in policymaking. Inclusivity is important for sustainability but also to maintain the
credibility of institutions themselves. Lack of proper policies could cause financial stress in
sectors even beyond carbon-intensive industries (Vermeulen et al., 2019).
For these reasons, variables chosen are quality of policy and international agreements,
implementation of policy, strength of institutions, existence of a national strategy on energy
transition, and taxes and incentives. Policy implementation can be directly inferred from
national reports and NDCs. Other evaluations on the quality of policies borrow indexes from
the World Bank such as the Ease of Doing Business and World Governance Indicators20. The
additional indicators are measured using scored benchmarks, as described in Table 2.
One of the additional indicators is the existence of incentives for the use of RE and
taxation on fossil fuels. One example could be the FER1 decree in Italy, signed in 2019, that
allows for incentives to be awarded to the construction of PV panels, hydroelectric, and
systems for the requalification of landfills and gas collection. The incentive applies under a
certain threshold of energy capacity and gives an economic return proportional to the energy
produced. The existence of microfinance possibilities represents the choice institutions can

19

The United States Environmental Justice Bill for example includes a Federal Energy Transition Economic
Development Assistance Fund created via fossil fuel taxation to restore land and aid displaced fossil fuel
workers in areas where fossil fuels are one of the main sources of income.
20
The former index expresses a variety of factors to analyze the business atmosphere and the conduciveness to
starting a new business. The latter focusses on indicators such as corruption, rule of law, accountability, absence
of violence, etc.
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make to motivate individual choices. As Steg et al., 2015 point out, people will decide to take
steps towards the transition because they see higher individual benefits than costs. The
incentives can come from the awareness of the existence and impacts of climate change, from
motivations to feel morally righteous (which closely relates to awareness), or for economic
benefits such as subsidies (Steg et al., 2015).
3.1.2. Environmental dimension
The environment is often seen as an object of energy, being damaged by pollution.
However, physical, and geographical constraints can determine the pace and success of the
transition, and should thus be recognized, mapped, and addressed. On top of the availability
of resources and the potential to produce energy, that can determine the self-sufficiency or
dependency of the area in question from others, climate change impacts must be evaluated as
they play an important role in energy production.
Climate change is expected to increase extreme weather events like floods, droughts,
storms, etc. this would undermine infrastructures in the most vulnerable areas. In addition to
this, changes in environmental conditions will affect the performance of RES. While these
changes will be minor in the beginning, they21 are likely to increase in the long-term and
early efforts in adaptation would help cushion adverse effects. Awareness in citizens and
policymakers will help build resilient infrastructure and be prepared to minimize the impacts
of disasters in general and on the Energy Sector (Joireman et al., 2010).
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MedECC (2020) study highlights that in the Europe climate change will impact the Energy Sector decreasing
overall power generation. Projected changes in the Mediterranean vary across studies but are generally below
5% decrease for 1.5 and 2 degrees warming, while impacts are significantly higher with 3 degrees warming in
most cases. Climate change impacts act through changes in temperature and water availability, extreme event,
changes in clod conditions and aerosols. CSP potential is expected to increase in Morocco and Algeria, but those
areas will also experience water stress due to droughts and heatwaves. Streamflow reduction shows the highest
changes in northern Morocco and Algeria.
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Land eligibility is also a crucial issue, and policies regarding planning will be of
utmost importance, due to the sparseness of RE, the growing global population, and the need
of ensuring environmental protection while increasing food and energy security (CappellanPerez, 2017; Poggi et al., 2018; Nonhebel, 2005). As Ryberg et al. (2018) observed, there is a
lack of standardization in the measurement of what type of land can be considered eligible for
RE production. This variability adds up to the high territorial diversity and sensibility (not
only between countries but also within countries) when it comes to which constraint is
relevant. They found that the most relevant and recurring constraints where woodlands,
agricultural areas, protected habitats, and irradiance22. For this reason, to provide an
approximation of the land eligible for general energy production, agricultural areas,
woodlands, and protected areas were subtracted to total surface area. This does not consider
factors such as availability of water for cooling, infrastructures for road transport and grid
connection, but should give an approximation.
In the future, an increasing need of large amounts of land for solar, wind, and other
RE generation plants is expected to cover the needs of a largely decarbonized global system
(Van de Ven et al., 2021). With this in mind, we will need more studies on the areas where
agriculture and energy production can coexist and where those can have the highest yields to
maintain food and energy security for a growing population, and how to standardize these
types of studies. It is also important to note that a vast majority of papers focuses on solar
energy production, while a more diversified energy production is likely to develop. For the
application of the framework to the case studies, only solar energy will be considered in RE
potential due to data availability and consistency. When more standardized studies will be

22

Ryberg et al. (2018) measured land eligibility in Europe for solar energy production. Irradiance is defined as
the flux of radiant energy per unit area and represents the intensity of solar energy that could be harnessed.
Irradiance is a relevant measure only with regards to solar PV and CSP, it is not deemed as a crucial factor to
evaluate general land eligibility.
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carried out on other RES such as wind and hydro, those technologies should be added to the
evaluation (Zhang et al., 2019). They are, thus, included in Table 2. Another relevant element
to be included in future versions of the framework is the availability of critical minerals.
3.1.3. Social dimension
The social dimension aims at investigating the social constraints that cause defects in
the sustainability of the energy transition. On top of the institutional and environmental
constraints, social acceptance of the transition, inclusion, and awareness are important to
avoid creating a highly centralized Energy Sector that is not integrated in social networks
(Komendantova & Yazdanpanah, 2017; Komendantova, 2021; Choukra et al., 2017). Social
networks also favor the diffusion of RE and decentralized RE, that will be of utmost
importance to increase grid stability and smart grid use (Acosta et al., 2018; Mishra, 2020).
Moreover, the degree of populations’ resilience to climate change and to the transition
is influenced by education level, awareness, and the availability of instruments to improve
livelihoods and take part to the transition (Steg et al., 2015). Examples can be the presence of
capacity building programs, enabling a swift transition to RES, or the availability of
microfinancing to access RE. Another crucial factor will be the involvement of people in
decision making for the energy transition, encouraging accountability from institutions, and
feeling part of the change (Komendantova & Yazdanpanah, 2017).
The two core variables chosen are inclusivity and information sharing, as they are the
only variables for which standardized, quantitative indexes could be found. Inclusivity is
measured, within other indicators, through the Gini index23. Information sharing and
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The Gini index expresses how much the distribution of income amongst individuals in a group (be it a
household or an economy) deviates from a perfectly equal distribution of income. This gives an idea of income
inequality and concentration of wealth. A higher coefficient indicates that a large share of total wealth goes to a
small number of people.
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transparency is important to integrate the public in decision-making, giving, for example,
feedbacks on energy or money saved due to improved behaviors (Steg et al., 2015). On top of
that, increased awareness means higher compliance and acceptance of policies (Steg et al.,
2015). The scoring of inclusivity has also been integrated with additional indicators based on
benchmarks. One example of an important element in sustainability is access to electricity,
determining energy poverty and describing the starting point from where to build (CastañoRosa & Okushima, 2021).
Public perceptions of RE is included as a variable only in the additional indicators
table (Table 2), as the author could not find any data for connected indicators that was
standardized and internationally studied. Information to justify scoring can be collected from
single case-specific studies. Even if part of the additional indicators due to the difficulties in
finding a standardized way to evaluate its effectiveness, access to microfinancing is crucial to
the development of individual decentralized RE especially in countries where electricity
access is low in rural areas and RE could be one way to expand it outside of the grid
(Banerjee et al., 2017).
3.1.4. Economic dimension
The economic dimension explores variables connected to economic sustainability that
could influence the energy transition. It is necessary include trade, funding, and the current
situation regarding energy use behaviors in the analysis on how to strengthen problematic
areas and build a transition starting from the right support. Having a snapshot of trade, for
example, can highlight strong dependence on fossil fuels for export, or on foreign import for
energy generation. These dependencies can indicate potential resistance or difficulties in
transitioning to RES in case of the former, or a characteristic that could turn into an
advantage that could be used for communication in shifting to RES for the latter case.
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Economic diversification is important to avoid bottlenecks and extraordinary growth on only
one focal sector or technology (Markard & Hoffmenn, 2016).
Availability of funds is of course crucial to the development of RE, as the initial costs
of investment will have to be faced and, conversely, a phasing out of subsidies and
investments on fossil fuels will need occur. Unfortunately, as for funding sources and where
investments are directed, that information is often not disclosed to the public. More
transparency could improve relations and increase attractiveness for investors, as well as the
effectiveness and precision of the framework.
This dimension is where the most variables are scored depending on comparisons
with other countries in the same income group instead of in absolute terms. Using public
private partnerships investment in energy in Morocco as an example, the upper bound to
compare Morocco’s 1.04 billion USD is set by India’s 3.39 billion USD. The lower bound is
set by Tanzania, with 1 million USD (WB, 2020). This is mainly due to the difficulty of
setting a limit to indicators such as investment, that virtually have no upper bounds and if
otherwise measured would obtain scores that do not signify any level of engagement in
sustainable energy transition.
3.1.5. Technical dimension
The technical dimension here aims at describing the current state of infrastructure and
resources, understanding the level of technology and efficiency of the case study. Technical
limits are very important and have been widely analyzed in past studies, especially to
understand the limits to RES employment and compatibilities of RES with the status quo.
Including the baseline for infrastructure and research enables to evaluate where
improvements are the most useful. Energy efficiency is for example one of the most
immediate ways to reduce electricity consumption and relieve pressure off the grid (Solomon
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& Krishna, 2011; Steg et al., 2015). Grid stability is also important for the possibility to
integrate smart and micro grids, to enhance social inclusivity, and to ensure energy security
(McLellan et al., 2016; Mishra, 2020). In the future, grid and microgrid resilience will be
relevant from both the physical and cyber aspect (Mishra et al., 2020; Zhang er al., 2019;
Dumas & Cunliff, 2020). Quality of infrastructure is scored based on the Logistics
Performance Index, created by the WB to study capacity to efficiently move goods and
connect manufacturers with consumers.
In addition to the proposed indicators, it would be advisable to insert indicators
regarding the job market and how its structure might react to change in skill demanded.
While with the transition renewable energy jobs are expected to increase (+64% globally in
2050), jobs related to fossil fuels will decrease (-27%), requiring considerable readjustments
in many regions (IRENA, 2020). Furthermore, the availability of skilled engineers will help
the success of the transition, whereas the lack of personnel might turn into a bottleneck
(Markard & Hoffmann, 2016). It is too soon to understand how dynamics such as temporal,
spatial, educational, and sectoral misalignments will play a role in the transition and how to
score the transferability of skills, more research would be necessary.
3.2. Presentation & Communication
The framework comprises another important aspect, which is presentation &
communication. The framework will be represented in a similar way to De Alencar et al.
(2020), with a scale of colors suggesting performance scores in a scale, with the use of a
bull’s eye type of graphic. The different colors are inspired by the color scale of the EU
Water Framework Directive, going from blue for “excellent”, to green for “good”, yellow for
“satisfactory”, orange for “poor”, and red for “bad” (Figure 1). The objective is to obtain
results so to fill the whole bull's eye with blue, “excellent” scoring. The worst-case scenario
is a predominantly white bull’s eye, with a red circle around it (“bad” scores all around).
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Environmental

Institutional

Social

Technical
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Figure 1 An example of the application of the Framework for a sustainable energy
transition. The circle is divided into five sectors for the five dimensions: institutional,
environmental, social, economic, and technical. The objective is to obtain results so to fill
the whole bull's eye with blue, “excellent” scoring. The worst-case scenario would be to
have the bull’s eye predominantly white, with a red circle around it.

3.3. Case studies
The following section will provide a precise analysis of two case study, Italy and
Morocco, and a more superficial application to Brazil, China, the United States, and Kenya.
The first part of Morocco and Italy case study application will be dedicated to a short
summary of the background and energy situation of the country. The presentation will be
followed by the scoring, description, and analysis of the indicators and variables.
The two countries were chosen because pointing out problematic areas is not as
immediate as in other cases. This can also be observed by their compiled bull’s eyes (Figure
2 and Figure 3). Moreover, the two countries belong to the same Mediterranean region, are
both import-reliant for energy, and will probably experience similar climatic changes in the
future. They have different institutional organizations and potentials to exploit, different
income levels, development situations, and culture. In this case there is also the added
potential for cooperation between the two countries, especially considering the developments
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of the EU Green Deal, the two countries could see their interactions increase. Other reasons
include the author’s nationality (Itaian) and familiarity with the Energy Sector in Morocco
due to past research and studies.
3.3.1. Morocco
3.3.1.1.

Background

Morocco, officially called the Kingdom of Morocco, is placed in northwestern Africa,
in the Maghreb region. The Kingdom is classified as a lower middle income by the World
Bank World Development Indicators (2020) and has a population of almost 37 million (WB,
2020). Morocco is the leader in the region with regards to the energy transition, due to its
political will but also to its natural characteristics that yield a high solar potential and its lack
of fossil fuel resources compared to neighboring countries such as Algeria. These factors
made energy independence even more attractive. In 2015, only 11.32% of energy
consumption is coming from renewable energy (World bank, 2015), ad over 90% of energy
was imported in 2014 (WB, n.d.). Within the RE consumption, in 2018, 68% of said energy
was coming from solid biofuels (IRENA, 2019).
Morocco is not one of the largest emitting-countries, placing at number 48, with 72
MtCO2e (Global Carbon Atlas, 2020) emitted (preliminary emissions) in 2019, not including
land use change. Climate Watch indicates 92.35 Mt CO2e as emission levels in 2018, made
up by 65,84 MtCO2e from the Energy Sector, whereas land use change and forestry resulted
in 1.94 MtCO2e sequestration. emissions per capita, however, are increasing, and so is
energy intensity (Kouksou et al., 2015).
Morocco’s Energy Efficiency Agency (Agence Marocaine d’Efficacité Energétique,
AMEE) has launched several energy efficiency programs in the building, industrial and
transport sectors (Kousksou et al.,2015). Private green electricity producers can access the
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national grid and sell their energy in the liberalized energy market, and private developers
can carry out direct transmission lines when national electricity grid infrastructures are not
satisfactory and trade surplus green energy to ONEE (Choukri et al., 2017).
The Kingdom is committed to reduce its GHG emissions by 17% compared to BAU
according to the submitted NDC in 2016 but has since then increased its ambitions to a
reduction of 18.3% below BAU and generating 52% of its energy from renewables before
2030. Due to its current situation and future projections, the country is considered by Climate
Action Barometer the only country on track with maintaining a below-1.5°C warming. As
pointed out by Climate Action Tracker, however, the construction of new coal fired plants
may lock the country into more dependency on fossil fuel imports (in particular, coal
generated more than half of Morocco’s energy in 2017 and over two-thirds of energy demand
in 2019). Furthermore, in 2020, the Kingdom signed an agreement on cooperation for green
hydrogen with the EU. The country is thus focusing on improving energy security and
efficiency and integration in the regional market.
As other countries in the Mediterranean region, Morocco will be strongly impacted by
climate change, especially by droughts and floods (Dai et al., 2018). The poor are
disproportionately affected by climate risks such as sea level rise, increases in temperature
and erratic rainfall, that could damage energy security and food security. Morocco has a big
potential for renewable energy production, due to high irradiation and daily hours of
sunshine, intense winds, and hydroelectric potential (Kousksou et al., 2015). Concentrated
Solar Power (CSP)24 potential is expected to increase in both Morocco and Algeria with
climate change (Leonarde et al., 2021). Due to its economic and political ties to European

24

Possibly, instead of CSP, Solar Photovoltaic (PV) will occupy more space than CSP since PV proved to be
relatively cheaper than CSP (Boretti, 2018).
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countries such as Germany and Spain, Morocco could contribute to EU’s targets of
decarbonization producing clean energy for Union’s consumption (Leonard et al. 2021).
3.3.1.2.
•

Results of application

Institutional domain: with regards to the institutional domain, Morocco’s performance
was evaluated through official national policies and the above-illustrated indexes. The
first variable, quality of policy and international alignment, performs in a satisfactory
way, scoring 3.33 points out of 5 and scoring 14.1/20 in the Climate Change Policy
Index (CCPI). Morocco also scores 41.7/100 for the Governance Index and 73.4/100
according to the WB Ease of Doing business. Policy implementation, on the other
hand, could not be scored due to lack of data and the long-term and ambitious views
of the national policy 25. Strength of institutions obtains a good score, at 3.50 points.

•

Environmental domain: renewable electricity production scores an average of 3
points, due to the very high ranking in practical potential for solar energy (the country
is ranked 13th out of 210), that is brought down by the low exploitation of that
potential, with a bad score for RES share in electricity generation, at around 19.2% in
2020 (OME, 2021). Water and land availability scores bad (1.00) both for land and
water availability. Land availability is roughly calculated at 18% and the country is
ranked 36th in 174 as for percentage of internal water resources withdrawn annually
for consumption (FAO). Climate change impact scores good for sustainability
according to ND Gain index for vulnerability.

25

One of the objectives set for 2020 was originally to increase the share of renewable energy to 32% of installed
electrical power. This benchmark was in 2015 changed to 42%, and in 2020 was not met. However, the share of
RE increased to 37% of total installed capacity in 2020, showing significant improvements. For this reason,
rather than scoring the country badly due to the non-implementation of the benchmark, the judgment will be left
to a future assessment about the 2030 goal. Nonetheless, the Special Commission for the New Development
Model (CSMD) emphasized that sustainability and coordination need to be improved (2021).
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•

Social domain: information sharing also scores 4.00, good, showing consistent
performances across all indicators. Internet and mobile coverage are extensive (74 and
more than 100%, respectively), lower secondary school completion rate is at 64%,
needing more improvement (WB). Public perceptions of RE, analyzed with the help
of literature on the matter (Komendantova, 2021; IFMEREE), scores 2.67,
satisfactory. Inclusivity scores 3.83, a good level of sustainability, with the lowest
score registered with regards to ownership of the energy transition (Komendantove,
2021; Choukri, 2017). Other Indexes, such as Gini and the percentage of people living
at national poverty lines, score relatively well (39.5 and 4.8% respectively, WB data).

•

Economic domain: trade has a satisfactory sustainability score (3.00), composed by an
excellent score for concentration (0.18/1, UNCTAD), but bad performance with
regards to import dependency, as more than 90% of consumed energy is imported26.
The availability of funds also has a satisfactory (2.50) score, due to low sustainability
scores for investment but a good ranking for dependency on natural resources rents
(129/2016, WB). Reliable data on current fossil fuel subsidies in USD for Morocco
could not be found, but subsidies are being phased out by the government since 2012,
and very few energy subsidies remain in place. Energy intensity scores excellent when
compared with countries of the same income group.

•

Technical domain: infrastructure scores good, especially due to the high rate of
electricity access in both urban and rural areas, close to 100% in both cases (WB data)
and a score of 60/100 in the RISE-WB Efficiency Scorecard. Resources, in terms of

26

The figure has, however, improved greatly compared with for example the early 2000s, when Morocco used
to import over 97% of its energy from abroad (Moroccan Ministry of Environment, 2017). The national energy
plan shows significant efforts to diversify the energy mix.
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expenditure in R&D compared to same income group countries, score excellent with
0.7% of GDP, a very high rate compared to countries in the same income group.
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Figure 2 Results of the application of the multi-tier framework to Morocco.
3.3.2. Italy
3.3.2.1.

Background

Italy is nested in the Mediterranean basin and has a coastline of more than 7,000 km.
With over 60 million people (EUROSTAT database), the country is placing 18th globally for
emissions from fossil fuels with 337 MtCO2 in 2019 (Global Carbon Atlas, n.d.). The
peninsula is considered among the most developed countries, being part of the G8 countries
and classified as high income by the World Bank World Development Indicators (2020).
Energy consumption in Italy is growing (+1,5% from last semester 2020 compared to
first trimester 2021), with oil demand falling by 9% (-1,2 Mtep27) and all other sources
increasing in demand (natural gas +1 Mtep, RES +0,4 Mtep). Energy imports are also
increasing by 0,15 Mtep (+6%), and coal consumption is increasing by 17% compared to the
end of 2020, while remaining well under 2019 levels (ENEA, 2021). The crisis caused by the

27

Mtep stands for Million-Ton Equivalent of Petroleum.
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pandemic is now followed by a further increase in energy demand and CO2 emissions: these
factors, together with the increased ambitions of EU objectives, cause the worsening of the
ISPRED index for ecological transition calculated by ENEA (ENEA, 2021). Electricity
exports are low (500 ktoe in 2019), while imports are significant (3782.0 ktoe in 2019) (IEA,
2020). In 2015, over 76% of the energy consumed in the country was imported (WB, n.d.).
Hydroelectric energy has for many years been the main source (80-90%) of energy in
the country (MATTM, 2014). Since then, however, the share fell tremendously to about 15%
of energy production. Energy consumption from RE energy sources was 16.52% of total
energy consumption in 2015 (WB, 2015). However, Italy was ranked 9th in the 2020 ranking
by IRENA based on installed RE capacity (IRENA, 2020) and in July 2021 produced over
42% of electricity from renewable sources (IEA, 2021).
The National Energy Strategy (SEN) has been adopted in 2017 to plan the national
energy system in line with EU Commission directives (such as the clean Energy Package)
towards sustainability (Camera dei Deputati, 2020). However, the objectives28 have been
surpassed and used as a base to build more ambitious objectives in 2019 with the National
Integrated Plan for Energy and Climate (PNIEC).
The PNIEC, adopted in December 2019, sets forth goals from 2021 until 203029. EU
ETS-covered sectors are expected to reach carbon phase out before 2025. RES will cover
30% of energy consumption by 2030; improving energy efficiency decreasing primary
energy consumption by 43% by 2030; and GHG emissions by 33% compared to 2005 levels

28

Goals included: 28% of overall consumption from RES in 2030; renewable thermal energy at 30% in 2030;
transportation RES to 21%; improvements in energy efficiency and energy security; reductions in cots for
customers ad accelerated decarbonization.
29
Goals include accelerating decarbonization, putting enterprises and citizens at the center of dialogue, promote
energy efficiency, certificate energy use, and research, further adopt Environmental Impact Assessments,
integrate with the Union’s system, and guarantee security, affordability, and continuity of energy provision.
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for non-ETS covered sectors and 43% for ETS-covered sectors. Incentives to energy
efficiency have increased in the country, going from 3.5 billion € in 2009 to 14.1 billion € in
2017, back down to 13.3 billion € in 2018 (PNIEC, 2019)30. With the financing of Recovery
Plans coming from the EU as part of the Multi-Annual Financial Framework (MAFF) and the
Next Generation EU funds, Italy is planning on further investing in the ecological transition,
in energy efficiency and transition projects.
Italy has, in the past decade, with the EU’s push in some cases, increased its efforts in
communicating the importance of energy efficiency and of the source of energy, putting for
example stricter regulations on products’ labels. The country also renamed the ministry of the
environment as “Ministry for the Ecological Transition” in 2021, trying to demonstrate that
the transition to more eco-friendly and sustainable ways of developing is one of the priorities
of the country.
The National Strategy on Climate Changes (SNACC) highlights the issues that the
country will face due to the warming climate in the Mediterranean and in Europe, and other
changes in the environment that will impact the Energy Sector as well and has been
articulated by the Ministry of Environmental and Protection of the Territory and Sea
(MATTM, 2014). Italy is one of the most vulnerable countries in Europe due its morphology
and the distribution of many cities in low-lying areas. The majority of RE is produced via
hydroelectric, thus changes in the water table could greatly impact on this picture. The same
vulnerability can however be found in the other RE sources, such as biomass, wind, solar, etc.
and on energy distribution lines (SNACC).

30

The overall system of norms, plans and regulations, including the National Strategy on Sustainable
Development (SNSvS) and regulations on sustainable mobility, is summarized and presented in the background
of the PNIEC text (2019).
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3.3.2.2.
•

Results of application

Institutional domain: Italy’s performance was evaluated through official national
policies and the above-illustrated indexes. Quality of policy and international
alignment, performs in a satisfactory way, similarly to Morocco, scoring 3.33 points.
CCPI scores Italy 10/20, but policy implementation can be more easily scored, based
on 2020 goals (2/3 have been reached). Policy implementation scores good, but is
based solely on national policies. International agreements such as the Paris
Agreement have distant landmarks that cannot be assessed yet. Governance Index
and Ease of Doing Business from the WB respectively score 68.4/100 and 72.9/100.
Scores are more consistent than Morocco’s, being either satisfactory or good.
Strength of institutions obtains a good score, with 4.00 points from both indicators.

•

Environmental domain: renewable electricity production scores 1.50 points, a poor
performance. Ranking in practical potential for PV is poor (ranked 140/210), and RE
share in electricity production is satisfactory (42.5% in 2021 according to IEA).
Water and land availability scores poor (1.50), because of poor availability of water
compared to withdrawals and bad land eligibility, that is even negative. Climate
change impact scores good with regards to its sustainability.

•

Social domain: information sharing scores 4.50, excellent. Measuring public
perceptions of RE through literature reviews, including Beltrame et al. (2017) the
score assigned to the variable is 3.67, good. Inclusivity scores 3.83 for its
sustainability, a good level. The Gini Index is slightly lower than Morocco (35.9), and
so is unemployment, at 9.3%. Poverty headcount ratio at national poverty line is at
20%. Microfinance availability is scored 3/5, especially looking at the performances
of the Ente Nazionale per il Microcredito. About transition ownership, experts
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highlight a big difference between north and south of the country, but an overall score
of 3/5 (Magnani & Osti, 2016; Roberts, 2020; Borron & Van Tulder, 2019).
•

Economic domain: trade has a good sustainability score (3.50), composed by an
excellent score with regards to concentration (0.054/1, UNCTAD), and a poor
performance with regards to import dependency, with over 76% of energy consumed
from imports (data is from World Bank 2015). The availability of funds for the energy
transition also has a good (3.00) score, mainly thanks to a good placement in the
ranking of dependence on natural resources rents (146/216). Energy intensity scores
excellent when compared with countries of the same income group31.
There is a lack of information about Public Private Partnership investments in the
Energy Sector as data do not appear for Italy in the WB data repository.

•

Technical domain: infrastructure scores excellent, with the highest rate of urban to
rural electricity access, and all excellent scores (firm outages, energy efficiency,
rural/urban access rate) apart from a good scoring for the Logistics Performance Index
(LPI), 3.7/5 points. Looking at the expenditure in R&D compared to same income
group countries, Italy scores poor, with only 1.44% of its GDP spent in R&D.

31

It must be noted that a further elaboration would be needed to exclude outliers, such as Iceland, with a very
high energy intensity compared to same-income countries (0.340 toe/1000 USD, compared with 0.070 toe/1000
USD for Italy) that might distort the distribution.
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Figure 3 Results of the application of the Multi-tier framework to Italy.

3.3.3. Comparison of critical areas and recommendations
The application of the framework resulted in the above graphical representations.
Looking at results, we can compare the two situations pointing out different strategies and
similarities to improve sustainability scores. The outcomes for the case studies presented
through the framework how both countries are not at peak efficiency and run the risk of
worsening pre-existing sustainability gaps when quickly transitioning into renewable energy.
In particular, the framework highlighted how there can be no “one size fits all” strategy to
address all variables of sustainability, as scores vary greatly between the two countries.
Areas that can be of highest priority are the environmental dimension and the
availability of investments in Research & Development in the case of Italy, whereas Morocco
seems to score lower in sustainability with regards to awareness and ownership of the energy
transition, highlighting some underlying issues in the social dividend. Morocco is also
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“missing a piece”, as climate and energy policies do not possess benchmarks that can be
checked for implementation for 202032.
The lack of intermediate benchmarks means that there is far more freedom for the
way and pace at which policy is implemented, but also more risks regarding less
accountability for authorities, possibly causing unsuccessful implementation or delays. The
better coordination of actors in the energy transition, accompanied by a simplification of the
bureaucratic component, might aid a faster implementation of policies. To further improve
information sharing and accountability, as Kousksou (2015) points out, necessary information
on energy use and environmental impacts should be made available to the public.
Both countries are heavily reliant on energy imports, with different potentials to
exploit. Morocco has a very high potential for solar energy, whereas Italy should focus on a
more diversified energy portfolio due to its lower solar potential (Global Solar Atlas, 2021).
Both countries have favorable wind resources that would need more attention from future
studies to be better exploited (Nfaoui et al., 1998; Ayr, 2014). Resources such as water and
land, that will be necessary for the energy transition, on the other hand, are scarce in both
cases. Morocco will be able to expand its energy production from RES if the country pays
attention to the scarceness of other resources (water, land…), Italy will need to investigate
possible partnerships and other means of import reduction, such as higher efficiency in
energy use, decentralization, and advanced and resilient smart grids (Mishra et al., 2020;
Dumas and Cunliff, 2019; Acosta et al., 2018).

32

The country has, however, in the past reached important goals such as a great extension of electricity access
starting in 2009 with the National Priority Action Plan. The next goal is the long-term objective of 52% of
energy from RES in 2030, but the country is lagging schedule.

43

Technical sustainability is one of the best performing variables in both countries.
Perhaps the biggest difference could be relative to investment in R&D, that is very high for
Morocco and relatively low in the case of Italy. This is confirmed by the role of Morocco as a
leader in many areas of research and development for the whole African country and the
intention of the country to bridge European and African interests. Italy, on the other hand,
should increase its spending if it wants to keep up with same income group countries. An
opportunity is the high availability of financing until 2026 from European grants and loans.
Following the pandemic in 2020, health and environmental sustainability have
increased in importance in political agendas. While the COVID 19 virus brought
unimaginable difficulties, it also caused a rupture, a point from where to restart and rebuild
better. The pandemic highlighted the high level of global interconnection and dependency.
For both countries, better coordination and simplification of procedures are already on the list
of priorities to be addressed to recover, speed up the transition, and facilitate investment.
3.3.3.1.

Focus on the Environmental dimension

The framework well illustrates the complexity of links between different resources
and resource needs. Trying to isolate and focus the analysis on one variable only, for example
the environmental one, goes against the project’s aim and intent. Conversely, here it will be
highlighted how starting from one variable one can arrive to the others and connect them.
Without this type of interconnected evaluation, the complexity of sustainability is
oversimplified and loses some very important characteristics, such as its comprehensiveness.
The Kingdom of Morocco should try and exploit the availability of solar energy as
much as possible but is faced with lack of water and scarcity of land due to a big agriculture
sector. Agriculture employs around 40% of workforce and is responsible of about 15% of
GDP. This situation, combined with a non-optimal score in civil society participation and
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ownership of the energy transition, indicates that the country should enhance bottom-up
approaches and combine them with research to find ways to save water (i.e., drip irrigation
and solar pumps), improve farming yields, or investigate alternatives offshore.
Creating more possibilities for education and training could also shift some workforce
from agriculture to other professional figures that will be highly demanded. The promotion of
educational programs could lead to the creation of high-quality jobs and improve awareness
and willingness of future generations with regards to RES adoption (Kousksou, 2015). The
willingness of people to invest in education will have to be incentivized by a) a good and
granular education system and b) higher awareness of the challenges and opportunities
coming from climate change and the energy transition.
Climate change vulnerability is here scored based on the ND-Gain Index created by
the University of Notre Dame. The index is divided into vulnerability sectors, that focus on
different areas that are and will increasingly be impacted by climate change. Said sector are
water, food and agriculture, health, ecosystems, human habitat, and infrastructure (coastal
protection, transportation, and energy). Based on the different contributions of each sector to
the vulnerability score, we can understand more about how and to what extent the country
will be affected by climate change.
For example, Italy’s score is composed by 21% of human habitat sector, that mostly
refers to cities and their vulnerability. Cities are often located on the Italian coastline, and
rising sea levels, floods, heat waves and other extreme events are increasingly striking urban
centers. 4.1% of the national territory is deemed at high risk of hydraulic danger, 8.4% is at
medium risk, and 10.9% at low risk (ISPRA, 2018). Venice is notoriously flooded every year,
more and more frequently, by high waters. Genoa has been hit by flooding or landslides more
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than 80 times in the last 200 years (IRPI, 2016). Another 20% is composed by infrastructure,
that is old and highly vulnerable to flooding and other extreme events.
Climate change vulnerability thus in the case of Italy relates first with infrastructure
management and adaptation strategies that will have to be addressed both by institutions and
the public. In the case of Venice, for example, a new flood barrier system was tested, rising
an artificial reef when the waters are expected to rise. Other ways also include more stringent
regulations and laws that establish high risk areas to avoid construction in unsuitable zones,
financial support for the victims of these events, research to develop adaptation methods.
ND Gain index highlights a higher homogeneity in vulnerability between sectors in
the Kingdom, compared to Italy. All sectors weigh under 20%, except for health.
Intersectoral priorities to address in this case are poverty rates, social equity, and sanitation.
The energy transition should pay particular attention to the use of land and water for energy
production to avoid shifting ecosystems and diseases, or further damaging water security.
Health does not directly impact the energy transition and was for this reason not
included as a variable in the framework, but looking at the relationship from the opposite
perspective, a lower quantity of pollutants emitted from fossil fueled plant will improve
health. On top of this, awareness about health benefits of RE and other cleaner methods of
cooking and cultivating will make the transition smoother and more diffused. This brings us
back to the importance of education and of having private or public actors encouraging
decentralized initiatives and giving proper means to carry those out (Acosta et al., 2018).
3.3.4. Other examples of application: Brazil, China, Kenya, and the United States.
To further showcase the applicability of the framework, four more countries are
analyzed below (Figure 4), albeit in less detail that above. Brazil, China, the United States,
and Kenya have been chosen for their relevance at the international level and for their
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representativeness. With the inclusion of these countries, it is in fact possible to make more
comparisons between countries and between global regions. Including Italy and Morocco,
case study from America, Europe, Western and Eastern Africa, and Asia have been included.
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Figure 4 Results of the application of the Multi-tier framework to Brazil (a), China (b), the
United States (c), and Kenya (d).
Brazil’s bull’s eye (Figure 4a) represents a country that, while having a good share of
RE in the energy mix, is still lacking ambition in policies and social inclusiveness. Three
47

variables get a poor score: quality of policy and international alignment, inclusivity, and
availability of funds for transition. It is important to understand that most of the government’s
efforts to promote renewables are geared towards natural gas (ethanol’s sustainability is
debated, especially due to its GHG emissions and deforestation for its production) (Khosla et
al., 2020). Subsidies to fossil fuels are still relevant compared to those for RE, and the
country only scores the maximum in trade, due to its low share of energy import and
concentration of exports. The issue of land & water pollution and deforestation partly
determine people’s perceptions of RE. Priorities include shifting more investment toward RE
and promoting more inclusivity and environmental justice while transitioning.
With regards to China (Figure 4b), the situation seems more balanced, but policy
implementation is lacking and, overall, scores are only satisfactory. The environmental and
social dimension score satisfactory in two variables out of three. Public acceptance and
awareness can be improved and vary greatly between cities and rural areas (Ali et al., 2019).
Investments in R&D are high relative to the same income group, energy imports and logistics
score the maximum. The economic dimension seems to be the best developed in the country.
Focus should be on accelerating the transitions further, paying attention to increasing the
share of RE in the energy mix while promoting incentives and civil society participation.
The US (Figure 4c) seems to be the most well-rounded and sustainable of the
countries so far analyzed. However, compared to the social and economic dimension, the
institutional and environmental, as well as the technical dimension with regards to investment
in R&D, are lagging. The share of RE in the energy mix is lower than 20% (IEA) despite a
good solar potential. Like Brazil, the US is not heavily dependent on energy imports but still
has substantial fossil fuel subsidies in place, partly to reinforce its own domestic production.
From the social perspective, people are highly aware and willing to transition to RE: even
coal communities recognize and accept the imminent change (Carley et al., 2018). The
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institutional dimension is scoring lower due to the bad score for climate policy (CCPI). A lot
of discretion is left to the states with regards to policy implementation and strategies.
Improvements should be addressing policy ambitiousness and increase renewable energy
potential further, shifting investment and subsidies from fossil fuels to RE.
Lastly, Kenya (Figure 4d) performs sufficiently overall, with one dimension scoring
excellent, investment in R&D. Worst score obtained is the climate change impact. Priorities
for the country include enhancing awareness and civil society participation, both addressing
education and the creation of more accessible financing means. Access to subsidies and
stakeholder participation are very low amongst rural communities (Mungai et al., 2018).
Ownership of the energy transition is also low, as only a token of stakeholders are included in
the decision-making process. Awareness is strongly correlated with education and income
level (Oluoch et al., 2020), and positive spillover effects of education on RE adoption are
confirmed by Lay and colleagues (2013). Governance and implementation of policies are
satisfactory, but should be enhanced to improve quality of insitutions and increase trust.

4. Conclusion & Discussion
Through the study of literature on sustainable development, the project created a
multi-tier framework analyzing sustainability for five different domains (institutional, social,
environmental, economic, and technical) with regards to the energy transition. The
framework was then applied to the cases of Morocco and Italy, illustrating in-depth weaker,
critical points and strengths also in relation to other comparable countries’ situations. Quicker
analyses were carried out for four additional countries: Brazil, China, the United States, and
Kenya. The Energy Sector was chosen as one of the most important in relation to the present
political, economic, and environmental challenges.
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The framework thus acts as a tool to orient and motivate policy priorities that aim at
long-term sustainability. The use of the case studies highlights how policymakers and
stakeholders can use the multi-tier framework to identify priorities and facilitate a more
effective and sustainable energy transition. A similar approach might be used to develop a
methodology to deal with the issue of circular and blue economy, green mobility, the creation
of protected areas, and other current challenges.
To the author’s knowledge, this work is different from past studies (Markard &
Hoffmann, 2016; Ilskog & Kjellström, 2008; Acosta et al., 2018; Carley et al., 2018) both in
terms of its comprehensive and holistic nature, comprising aspects of sustainability that are
often forgotten or dealt with separately, and in terms of its specific application to the Energy
Sector instead of a more general, and often dispersive, analysis of sustainable development.
The study aims at creating a precedent to develop further intersectoral methodologies to deal
with sustainability and avoid void promises (De Alencar et al., 2020; Purvis et al., 2019).
Sustainability can be identified as both a goal and a prerequisite for change. In most
cases, sustainability is seen as the goal, and the energy transition as one of the most valuable
ways to achieve lower impacts and mitigate climate change (Mason, 2017; Myhrvold &
Caldeira, 2012). The proper legal, economic, social, technical, and environmental situations
are needed to increase its effectiveness and durability. The application of sustainable
practices without coordination might bring imbalances, possibly having one aspect that is
significantly more advanced compared to the others.
In the case of Morocco and Italy, the biggest issues that were highlighted through the
application of the framework are especially concentrated in the Institutional and
Environmental dimensions (Figure 2 and Figure 3). Better coordination between actors and
simplification of procedures could be the first steps ahead. However, the framework is not
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made to treat variables separately, but rather to demonstrate connections and how strengths
can be directed to improve weaknesses. This can enable to choose more efficient pathways to
a sustainable energy transition. Brazil, China, and Kenya showed critical points in the
Institutional and Social dimension, suggesting the top-down imposition of unpopular policies
or policies with unequally distributed benefits (Figure 4). The US showed strong scores in the
social dimension but lacks ambitiousness of policies (Figure 4c), that should strive for bigger
cuts in GHG emissions through increasing RE shares in the energy mix and R&D investment.
All countries are vulnerable to climate change albeit to different extents. To address
issues that will worsen with these changes, for example water scarcity (UfM, 2008), one
might use direct or indirect means (Komendantova, 2021). Direct means could include the
improvement of infrastructure and efficiency of irrigation, and the use of dry cooling
techniques for solar energy production instead of water cooling (Liqreina et al., 2014).
Indirect means, however, should be complementary. Addressing other sustainability domains
through the promotion of education, awareness, a good communication strategy, eliminating
corruption and increasing governance will indirectly affect variables such as water scarcity.
Adoption levels for new irrigation techniques and the ability to invest in new infrastructure
will strongly depend on the effectiveness of policies in ensuring enabling means.
Being able to compare applications could also highlight synergies. An actor with
financial potential could invest abroad (as already happens many times), in a country with
high RES potential and low financial resources. Through this framework, the investor could
check what other aspects need improvement investments to be truly sustainable and not end
up worsening other dimensions to extract energy or other resources. Conversely, knowing
critical areas would enable to choose investments that are better suited for widely diffused
benefits and induce a long-term positive change.
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The methodology does not, as previous literature, evaluate the energy transition’s
effects, but the enabling factors that, once the transition is part of the policy agenda, influence
its effectiveness. Understanding the level of readiness of the system is considered of utmost
importance to locate risks a priori. The framework is here applied to the national level, but
variables and indicators can be adapted to levels that are closer to the citizen (local level) or
to the international arena (regional level). Another very important aspect is the effort of
creating a methodology that can be applied in a consistent manner across different areas and
economies, enabling comparisons and the location of synergies across realities.
The framework finds its structure inspired by relevant sustainability studies and builds
upon it to enhance the methodology’s coverage. Core indicators are obtained directly from
indexes from reliable sources, whereas additional indicators are scored based on qualitative
observations. The sum of these two types of indicators creates a clear and comprehensive
framework that can be understood and communicated swiftly.
One of the determinants of the success of the methodology is the availability of data,
its coverage, and its validity. Indicators chosen are the ones that are normally collected by
reliable organizations at the international level, so that they can be already available for the
most part, without additional costs. Increasing transparency on investments, information on
the job market, and other important indicators of sustainability will improve the coverage and
efficacy of the framework in future applications. Applying the frameworks at different levels,
it is advised to adapt indicators and use data that is location-specific and reliable.
This approach can and should be further refined with the increasing amount of
literature on sustainability, and constantly updated with changing policies and commitments
from governments. A high level of standardization has been reached by the proposed
framework, but further development of widely applicable indicators is useful to connect and
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summarize assessments on sustainability. Any application should consider that the
simplification is done not to be inconsiderate of progress, but to look at a snapshot and then
proceed with a deeper analysis of viable options for improvement.
Studies with regards to the changing requirements of the job market and the
transferability of skills should be carried out to integrate both the social and technical
domains. Regions that heavily rely on fossil fuels will see their economies radically change.
Unfortunately, however, to the knowledge of the author, there are yet no comprehensive
studies that precisely investigate trends in the job market that can act as a starting point to
create reliable indicators or score the sustainability of a passage to renewable energy.
Another aspect to be further studied is the relation between sustainability of the
energy transition and the availability of rare minerals such as lithium that will be extremely
useful for the manufacturing of, for example, batteries. Minerals risk producing other types of
resource rents, like large scale mining, reproducing the resource curse that is now diffused in
oil or gas-rich countries. This is also the reason for the importance of research with regards to
circular economy and the possibility of recycling materials. Increasing the capability of
reusing materials from solar panels, batteries, and computers, is one way to avoid falling back
into the spiral of fossil fuels and having political on top of economic side effects.
Stakeholders’ opinions are indirectly considered through the analysis of literature that
carried out interviews with relevant players. The direct inclusion of stakeholders’ views with
regards to priorities constitutes an interesting venue of improvement. Interviews would aid
developing a framework that is more capillary and could expand the list of additional
indicators to adapt them to specific conditions. Another possibility to expand the framework
is to include an indicator sheet for each indicator, as in Ilskog et al. (2008) to define them

53

with higher detail and to ensure that inside a different adaptation of the framework substitute
indicators maintain the same function and purpose.
The main recommendations to increase the sustainability of any system are to
evaluate the coexistence of the different aspects of sustainability and advance in a parallel
way. Lacking with regards to, for example, climate change awareness will inevitably impact
the level of readiness and adaptation to climate change, but also the ability of governments to
enforce policies and the compliance of citizens with new environmentally friendly measures.
Thus, the vision needs to be holistic and not simplistic, comprehensive, and not limited.
The graphical representation is helpful to communicate in an easy way to
stakeholders, to the public, or to policymakers. On top of that, the bull’s eye effectively and
immediately conveys the idea of aiming at completing all the circles. The representation can
also be useful to compare different results and have an overall impression of the state of
sustainability of the Energy Sector just by a quick look. Energy policies and energy systems
will not change without public participation (Steg et al., 2015), which is crucial to address.
Seeing elements of sustainability as mutually connected and not compartmentalized is
important to understand the world and make informed decisions. In the long-term, there will
be increasing attention to elements such as intergenerational equity from the social,
economic, technical, institutional, and environmental domains. The absence of one of those
elements will threaten true sustainability. Processes such as the energy transition that are seen
as intrinsically good can cause damage if not rightly regimented and starting from a solid
place of diffused sustainability. For example, top-down approaches that lead to low
penetration of RE can increase rent-seeking and inequality.
Policy will determine to a large extent the pace and level of sustainability that will be
reached. In general, there needs to be a very high level of awareness and reasonableness in
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choosing which paths to take. In the future, we will need more ways to ensure that sustainable
choices consider all the aspects of sustainability. This framework is a starting point to do so.
Addressing specific measures from more than a couple of sustainability domains might be
counterproductive in the short-term and cause slower processes and delays in transitioning to
new, environmentally sustainable, means of growth. But long-term benefits define
sustainability, and those would outweigh temporary delays. The mediation and prioritization
between different forms of sustainability carried out in politics should always be based on
data-driven arguments. While decisions are ultimately political, technical and comprehensive
opinions should always be considered as the starting point. The ecological transition and the
energy transition are developing to be more transversal than other transitions. It will require
changes that are not only technical but regard mentality, politics, the interactions between
local and global levels, and the way we are used to avoid inter-sectoral approaches.
Achieving the energy transition needs clear and effective priorities, that will only be
properly implemented given the right environment, that is sustainable from the institutional,
environmental, social, economic, and technical perspective. The framework and its
application identify and address the following challenges:
•

Measuring the sustainability of each dimension to establish policy priorities and
move forward (i.e., no one dimension should be left behind).

•

Transversal and intersectoral approaches that will gain relevance to address the
limits of each system, as all elements of sustainability are extremely connected
(i.e., social, economic, and environmental variables will equally affect the energy
transition).

•

Communication, transparency, and awareness to involve people in the transition
(i.e., avoiding top-down approaches only).
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6. Appendices
6.1. Annex I Table of application of the framework – Morocco

Indicator
1.1 quality of policy and international alignment
1.1.1 Ambituousness and relevance with regards to PA and SDGs
(CCPI)
1.1.2 Existence of a national strategy on energy transition
1.1.3 Incentives and taxation
1.2 implementation of policy
1.2.1. Benchmarcks met of national energy policy
1.2.2 Benchmarks met (%) international agreements
1.3 strength of institutions
1.3.1 Governance index (WB)
1.3.2 Ease of Doing Business (WB)

Indicator
value

Normalized
(0-1)
1 INSTITUTIONAL DIMENSION
Min

Max

Indicator score
(1-5)

Variable
result
3.33

14.10

0.00

20.00

0.71

4.00
4.00
2.00

41.65
0.00
100.00
0.42
73.40
0.00
100.00
0.73
2 ENVIRONMENTAL DIMENSION

3.00
4.00

2.3.1 Climate change vulnerability
3.1 information sharing
3.1.1 Individuals using the internet (%) (WB)
3.1.2 Mobile cellular subscriptions/100 people (WB)
3.1.3 Civil society participation (IDEA)
3.1.4 Lower Secondary School Completion rate (WB)
3.2 inclusivity
3.2.1 Gini Index (WB)
3.2.2 Unemployment (WDI)
3.2.3 Poverty headcount ratio at national poverty lines (% of
population)
3.2.4 % Access to electricity (WB)

Source: CCPI climate policy score

3.50

2.1 Renewable electricity production
2.1.1 RE share in electricity production
2.2.1 Average practical potential solar (rank) (ESMAP)
2.2 Water and land availability
2.2.2 Annual freshwater withdrawal total (% of internal resources)
(rank)
2.2.3 Land eligibility (FAO, WDPA IUCN and UNWCMC)
2.3 climate change impact

Notes

2019 average percentile ranking for all

3.00
19.20
13.00

0.00
1.00

100.00
210.00

0.19
0.06

National Observatory of Energy of Morocco
2020

1.00
5.00
1.00

36.00
18.62

1.00
0.00

174.00
100.00

0.20
0.19

1.00
1.00
4.00

0.38

0.00
1.00
3 SOCIAL DIMENSION

0.38

4.00

ND Gain index vulnerability only - readiness
is measured through other indicators here
4.00

74.38
127.95
0.50
64.41

0.00
0.00
0.00
0.00

100.00
100.00
1.00
100.00

0.74
1.28
0.50
0.64

4.00
5.00
3.00
4.00

39.50
10.15

24.60
0.30

63.00
28.70

0.39
0.35

4.00
4.00

4.80
99.60

0.60
6.70

76.80
100.00

0.06
1.00

5.00
5.00

3.83

3.2.6 Microfinance availability
3.2.7 Ownership of energy transition
3.3 public perceptions on RE

The ideal employment rate is around 4-5%.

al amana and other NGOs dominate the sector
- reports from microfinanza rating;
International finance corporation; Crepon
2011; Rozas 2014

3.00
2.00
2.67

3.3.1 Existence of training and capacity building programs
3.3.2 Acceptance
3.3.3 Awareness

ie Instituts de formation aux métiers des
énergies renouvelables et de l’efficacité
énergétique (IFMEREE); AMEE
Komendantova, 2021
Komendantova, 2021

3.00
3.00
2.00
4 ECONOMIC DIMENSION

4.1 trade

4.1.1 Concentration index (UNCTAD)
4.1.3 Net energy import dependency % of consumption (WB)
4.2 availability of funds for transition
4.2.1 Renewable energy capacity investment as compared with
fossil fuel subsidies (IRENA, WB)
4.2.2 Public private partnerships investment in energy (WB)
compared to same income group
4.2.3 Total natural resources rents (% GDP) (rank) (WB)
4.3 energy use
4.3.1 Energy intensity compared to same income group (IEA)
5.1 infrastructure
5.1.1 Firms experiencing electrical outages (% of firms) (WB)
5.1.2 Energy efficiency scorecard (RISE -WB)
5.1.3 Rural electricity access rate (%)/Urban electricity access rate
(%) (WB)
5.1.3 Logistics Performance Index (WB)
5.2 resources
5.2.1. Expenditure in R&D (%) of GDP (UNESCO UIS, WB)

3.00

0.18
90.72

0.00
0.00

1.00
100.00

0.18
0.91

The product concentration index shows to
which degree exports and imports of
individual economies or of groups of
economies are concentrated on a few
products.

5.00
1.00
2.50

Missing fossil fuels subsidies

5.00E+08

1.04E+06
129.00

1200.00
1.00

3.39E+06
216.00

0.31
0.60

2.00
3.00

0.07
0.27
0.05
5 TECHNICAL DIMENSION

5.00

5.00
0.08

3.75
20.90
60.00

0.00
0.00

100.00
100.00

0.21
0.60

4.00
3.00

0.99
2.54

1.00
0.00

0.02
5.00

0.01
0.51

5.00
3.00

0.70

0.01

0.83

0.84

5

5.00

70

6.2. Annex II Table of application of the framework – Italy
Indicator
1.1 quality of policy and international alignment
1.1.1 Ambituousness and relevance with regards to PA and
SDGs (CCPI)
1.1.2 Existence of a national strategy on energy transition

Normalized
(0-1)
1 INSTITUTIONAL DIMENSION

Indicator value

Min

Max

10.13

0.00

20.00

0.51

2.3.1 Climate change vulnerability
3.1 information sharing
3.1.1 Individuals using the internet (%) (WB)
3.1.2 Mobile cellular subscriptions/100 people (WB)
3.1.3 Civil society participation (IDEA)
3.1.4 Lower Secondary School Completion rate (WB)
3.2 inclusivity
3.2.1 Gini Index (WB)
3.2.2 Unemployment (WDI)
3.2.3 Poverty headcount ratio at national poverty lines (% of
population)
3.2.4 % Access to electricity (WB)

Notes

3.00
4.00
There are incentives and a EU carbon
tax, but subsidies to fossil fuels persist

3.00
4.00

0.67

0.00

1.00

0.67

4.00

0.68
0.73

4.00
4.00

National policy reflects EU policy.
Inside EU, -13% from non ETS
sectors, +17% RE levels, energy
4.00

68.41
0.00
100.00
72.90
0.00
100.00
2 ENVIRONMENTAL DIMENSION

2.1 Renewable electricity production
2.1.1 RE share in electricity production
2.2.1 Average practical potential solar (rank) (ESMAP)
2.2 Water and land availability
2.2.2 Annual freshwater withdrawal total (% of internal
resources) (rank)
2.2.3 Land eligibility (FAO, WDPA IUCN and UNWCMC)
2.3 climate change impact

Variable
result
3.33

1.1.3 Incentives and taxation
1.2 implementation of policy

1.2.1. Benchmarcks met of national energy policy
1.2.2 Benchmarks met (%) international agreements
1.3 strength of institutions
1.3.1 Governance index (WB)
1.3.2 Ease of Doing Business (WB)

Indicator
score (1-5)

2.50
42.50
140.00

0.00
1.00

100.00
210.00

0.43
0.67

IEA OECD monthly energy statistics,
July 2021

3.00
2.00
1.50

44.00
-8.14

1.00
0.00

174.00
100.00

0.25
-0.08

2.00
1.00
4.00

0.31

0.00
1.00
3 SOCIAL DIMENSION

0.31

4.00

ND Gain index vulnerability only readiness is measured through other
4.50

74.39
131.27
0.74
98.96

0.00
0.00
0.00
0.00

100.00
100.00
1.00
100.00

0.74
1.31
0.74
0.99

4.00
5.00
4.00
5.00

35.90
9.31

24.60
0.30

63.00
28.70

0.29
0.32

4.00
4.00

20.10
100.00

0.60
6.70

76.80
100.00

0.26
1.00

4.00
5.00

4.50

3.2.6 Microfinance availability

3.00

3.2.7 Ownership of energy transition
3.3 public perceptions on RE
3.3.1 Existence of training and capacity building programs
3.3.2 Acceptance
3.3.3 Awareness

3.00

The ideal employment rate is around 4-

Ente nazionale per il microcredito,
PerMicro
Magnani & osti 2016: with differences
in north-south; Roberts, 2020; Borron
& van Tulder, 2019
3.67

4.00
4.00
3.00

Beltrame et al., 2017

4 ECONOMIC DIMENSION
4.1 trade

4.1.1 Concentration index (UNCTAD)
4.1.3 Net energy import dependency % of consumption (WB)
4.2 availability of funds for transition
4.2.1 Renewable energy capacity investment as compared with
fossil fuel subsidies (IRENA, WB)
4.2.2 Public private partnerships investment in energy (WB)
compared to same income group
4.2.3 Total natural resources rents (% GDP) (rank) (WB)
4.3 energy use
4.3.1 Energy intensity compared to same income group (IEA)
5.1 infrastructure
5.1.1 Firms experiencing electrical outages (% of firms) (WB)
5.1.2 Energy efficiency scorecard (RISE -WB)
5.1.3 Rural electricity access rate (%)/Urban electricity access
rate (%) (WB)
5.1.3 Logistics Performance Index (WB)
5.2 resources
5.2.1. Expenditure in R&D (%) of GDP (OECD, WB)

3.50

0.05
76.42

0.00
0.00

1.00
100.00

0.05
0.76

The product concentration index shows
to which degree exports and imports of
individual economies or of groups of
economies are concentrated on a few

5.00
2.00
3.00

1.30E+09

1.58E+10

146.00

1.00

Column C is renewable energy
capacity investment (UNEP), column D
is fossil fuel subsidies (Legambiente,

2.00

Missing dtata
216.00

0.67

4.00

0.07

5.00

5.00
0.07

0.05
0.34
5 TECHNICAL DIMENSION

4.75
2.00
88.00

0.00
0.00

100.00
100.00

0.02
0.88

5.00
5.00

1.00
3.74

1.00
0.00

0.02
5.00

0.00
0.75

5.00
4.00

1.44

0.03

4.93

0.29

2.00

2.00

71

